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The amplitude of El Nino/Southern Oscillation (ENSO) displays pronounced 24 interdecadal modulations in observations. The mechanisms for the amplitude modulation ENSO amplitude compared to observations. CM2.1 simulates a realistic mean state,
142
ENSO, and its seasonality (e.g. Wittenberg et al. 2006 , Wittenberg 2009 , Kug et al. 2010 ).
143
The long-term simulation improves statistical significance of ENSO and TPDV properties.
144
In order to investigate the role of ocean dynamics, we conduct sensitivity experiments Rosati and Miyakoda (1988) 151 except that surface air temperature is assumed as SST-2C. This model has been used in 152 several studies, capable of realistic simulations in the tropics (Tozuka et al. 2010, 153 presented here are qualitatively insensitive to the choice of ocean GCMs. 
168
Previous studies (e.g. Jin 1998 , Rodgers et al. 2004 , Choi et al. 2009 ) also reported that 169 the cold-tongue warming, the relaxed easterly winds and a flattened thermocline intensify 170 the ENSO amplitude and favor longer ENSO periods.
171
These interdecadal ENSO background state changes represent a major mode of TPDV.
172
To obtain the TPDV modes, the empirical orthogonal function (EOF) analysis is to SST are less coherent compared to the second TPDV mode over the tropical Pacific, 177 suggesting that the first TPDV mode is generated by the complicated ocean and atmospheric dynamics (Fig. 4a) . The second TPDV mode features a zonal dipole pattern 
186
TPDV simply refers to the second mode for brevity.
187
The spatial similarity between mean state variability associated with the ENSO -370, 1161-1180, 1681-1700, 1811-1830 and 1961-1980) . Epochs are chosen where by the difference between DV+ENSO+ISV and DV runs (Fig. 5c ).
351
222
The ENSO effect is more clearly seen in the thermal structure on the equator. Figure 6 DV+ENSO+ISV run (Fig. 6b) show a dipole pattern with cooling (warming) in the west 225 (east), similar to the second TPDV mode (Fig. 6a) . In contrast, the DV only forcing could 226 not reproduce important features of the second TPDV mode (Fig. 6c) , including the 227 mixed layer cooling in the west and the thermocline warming in the east.
228
In the OGCM experiments, the direct ENSO contribution can be evaluated by taking a that the impact of subseasonal noise on the TPDV is less important than that to the ENSO.
246
It should be noted that monthly mean wind forcing we use smooths out such subseasonal variability and so its effect in our OGCM experiments may be underestimated. anomalies is assumed as a Gaussian-shape structure centered on the equator as shown in 256 Figure 7 . The structure function is expressed as:
exp cos 2 24
where τ 0 =0.2 dyn/cm 2 , Δx=30, Δy=10. x, y, t are longitude, latitude and month.
259
Following observations and simulated results, the peak of westerly variability is set in 260 January. In the 2yrENSO run, OGCM is integrated for 20 years with the periodic wind 261 stress anomalies. The last two cycles (4 years) are used for analysis by comparing the 262 difference between the 2yrENSO run and climatological run (CTRL run). We note that 263 the wind stress anomalies are symmetric in time between the westerly and easterly phases.
264
Wind speed anomalies are not applied in surface turbulent heat flux calculations.
265 Figure 8 shows the SSH and temperature difference between the 2yrENSO and CTRL 266 runs. SSH and temperature pattern in the idealized experiment is quite similar to the 267 experiment using the CM2.1 forcing ( Fig. 5c and 6d responses form a net cooling effect through the nonlinear zonal advection (-u'*dT'/dx).
283
As a result, a mean cooling response is generated by the zonal advection on the west edge 284 of the cold tongue.
285
The net warming along the climatological depth of the 20C isotherm forms by 286 different mechanisms. Figure 10 shows the temperature response on the equator during suitable to capture the "mean" thermocline shape.
344 Figure 13 shows the dT/dz difference in isothermal coordinates in CM2.1 between
345
"strong ENSO/positive TPDV" and "weak ENSO/negative TPDV" epochs at 0N110W.
346
First the monthly snapshot of dT/dz in isothermal coordinates is calculated, and then its 347 climatology is derived. There is a significant difference in dT/dz in the upper layer (above 
353
Similar changes of the thermocline shape can be seen in the idealized experiment.
354 Figure 14 shows the dT/dz difference in isothermal coordinates between 2yrENSO and
355
CTRL runs at 0N110W. Similar to Fig. 13 
397
The present study supports a positive feedback between ENSO variance and TPDV,
398
and mechanisms for the phase transition of the ENSO variance cycle still remain unclear. forced ENSO variability. These hypotheses need to be tested with a hierarchy of models.
408
The present identification of a positive feedback between ENSO amplitude and TPDV
409
helps explain why interdecadal modulation of ENSO amplitude has been prevalent over these sum (advx+advy+advz).
